Metals and the metalliferous industry play an important role in contemporary human communities, and their use is connected to rising industrial development and living standards. Metals are used in numerous sectors of industry and other human activities [1] . Metallurgy, however, is one of the most serious polluters of the environment. Sectors such as ore mining, smelting and steel production produce high amounts of waste that differ in consistency and in physicochemical and mineralogical composition. At the end of their life, Pol.
metallic products are collected in scrap disposal sites, and subsequently recycled in scrap processing factories. In 2016 there were 1,544 industrial plants operating in the Czech Republic, of which 242 were involved in the production and processing of metals. In the same year, over 2.5 million tons of iron waste were produced [2, 3] .
The long-term negative impact of mining and metallurgical production, including the potential risk to the surrounding environment from the waste landfills resulting from these industrial activities, has been extensively investigated [4, 5] . The potential effect and risk of recycling electronic waste (e-waste) has been investigated [6, 7] . The recycling of steel scrap is also a possible source of environmental contamination [8, 9] . The dust originating from the scrap smelting process can also be a substantial environmental risk [10] . Karlaviciene et al. [11] and Ogunkunle et al. [12] identified Cd, Cr, Ci, Ni, Zn, and Pb as the risk elements predominantly connected with potential topsoil contamination around a metal recycling factory. According to Owoade et al. [13] , the atmospheric dissemination of the metal particles via particulate matter (PM) should be taken into account. They identified metallurgical production and e-waste as the predominant sources of PM 2.5-10 in an area of the scrap iron and steel smelting industry.
The potential release of risk elements from mine tailings due to rainfall [14] and the leaching behavior of waste from the metallurgical industry were also investigated. For instance, Jensen et al. [15] reported the low leachability of Pb, Cu, Cd and Zn from scrap dirt originating from iron scrap and metal recycling facilities, most probably due to the alkaline pH of the samples. Lin et al. [16] presented a comprehensive assessment of the potential impact of steelmaking processes on the risk element in soils in the area surrounding a factory. They highlighted the storage facility of waste iron as one of the most important sources of contamination, and surface runoff and rain wash as the main routes of risk element distribution into the surrounding environment. However, no significant release of Pb and As was observed by Pinto and Al-Abed [17] if the soil contaminated by the industrial wastes was extracted using an artificial solution simulating rainfall (in slightly acidic conditions: pH 4.2).
Diluted acids are applied as a pre-treatment when leaching the waste materials for potential recycling of metallic scrap. For instance, Rudnik et al. [18] compared the leaching behavior of various Zn waste materials, including slag from smelting mixed metallic scrap (containing 50 % of Zn), and zinc spray metallizing dust (containing about 77% Zn) in a 10% solution of H 2 SO 4 . They found leachable proportions of Zn at around 80%, indicating the good solubility of these materials. Similarly, Sakultung et al. [19] reported effective leaching of Co and Ni from e-waste by using diluted H 2 SO 4 , and HNO 3 . The effective application of organic acids (citric acid, oxalic acid), together with bioleaching supported by Aspergillus niger for Cd, Cu, Pb, and Zn release from e-waste has been noted [20] , although at lower concentrations, the organic acids are important components of soil solution, and the leachability of metals can also be supported by the soil microbiota. Jensen et al. [15] reported that the leachability of the risk elements from scrap samples is low, but they reported a substantial increase in risk element leachability if the scrap material was covered by an organic matter-rich material such as compost. The accessibility of the scrap metals could thus be affected by the presence of active soil organic matter.
Elevated risk element contents in soils covering industrial waste dump sites, and in plants growing in these soils, which indicate that the risk elements released from the wastes can be released to the soil and subsequently enter the food chain, are well documented [21, 22] . Conversely, there is less information concerning the impact of open metallic scrap deposits, where the metallic material is separated and stored until recycling, on the surrounding environment. This manuscript gives basic information concerning the soil risk element contamination level and potential soil-plant transport of these elements, and considers the possibility of their entering the food chain via herbivores living in the impacted areas.
Material and Methods

Sampling
Four open deposits of metallic scrap, differing in length of operation, but all located in East Bohemia, Czech Republic, were chosen for the study. All the deposits were located in an area relatively unaffected by industrial activities in order to minimize the potential effect of other risk element sources. were established in 2011. Five sampling points were chosen at each location to cover the whole area of the deposit. Taraxacum sect. Ruderalia was chosen as the model plant species. Although there is some evidence of risk element uptake by these plants, Taraxacum spp. is considered by many authors to be a suitable bioindicator of risk element-contaminated soil, most recently, for instance, by Gomez-Arroyo et al. [23] , Fröhlichová et al. [24] , and Krolak et al. [25] .
At each sampling point, three whole plants were sampled in full flowering stage. Composite soil samples were collected at the same time at a depth of 0-10 cm, where each sample represented an average of three subsamples taken from each sampling point. Soil samples were air-dried at 20ºC, ground in a mortar, and passed through a 2-mm plastic sieve. The plant samples were separated into roots, leaves, and inflorescences, dried at 60ºC to constant mass, and subsequently ground into a fine powder using a laboratory mill. All samples were collected in spring 2017.
Analytical Methods
The pH values of the soils were determined in a 0.01 mol/L CaCl 2 extract (1 : 10 w/v). The cation exchange capacity (CEC) was calculated as the sum of Ca, Mg, K, Na, Fe, Mn, and Al extractable in 0.1 mol/L BaCl 2 (1 : 10 w/v, shaken for 2 h) [26] . The pseudototal contents of elements in the soils were determined in the digests obtained by the following decomposition procedure: the aliquots (~0.5 g) of air-dried soil samples were decomposed in a digestion vessel with 10 ml of Aqua regia (i.e., nitric and hydrochloric acid mixture in a ratio of 1:3). The mixture was heated in an Ethos 1 (MLS GmbH, Germany) microwave-assisted wet digestion system for 33 min at 210ºC. An aliquot (~500 mg of dry matter) of the plant sample was weighed in a digestion vessel for determining element contents in the plant biomass. Concentrated nitric acid (8.0 mL) (Analytika Ltd., Czech Republic), and 30% H 2 O 2 (2.0 mL) (Analytika Ltd., Czech Republic) were added. The mixture was heated in an Ethos 1 (MLS GmbH, Germany) microwave-assisted wet digestion system for 30 min at 220ºC. After cooling, the digests were quantitatively transferred into a 25 ml glass tube, topped up with deionized water, and kept at laboratory temperature until measurements were taken. The proportion of bioaccessible element content in the sediment was determined by adding 0.5 g of each sample to 10 mL of a 0.11 mol/L solution of CH 3 COOH; this mixture was then shaken overnight [27] . Each extraction was carried out in triplicate. Extracts were centrifuged in a Hettich Universal 30 RF (Germany) at 3000 rpm (i.e., 460 g) for 10 min at the end of each extraction procedure, and the supernatants were stored at 6ºC prior to analysis. Inductively coupled plasma-optical emission spectrometry (ICP-OES, Agilent 720, Agilent Technologies Inc., USA) was used for the determination of elements in soil extracts and plant digests.
For quality assurance of the results, certified reference materials were used as follows: 1) For verification of the element contents in the soils a certified reference material RM 7003 Silty Clay Loam (Analytika, Czech Republic) was applied for the quality assurance of analytical data. The certified values of the Aqua regia soluble contents of elements in this material are: As 11.6±0. 7 
Data Processing
The analytical data was processed using the Statistica 10 Cz software package, and the Kruskal-Wallis test with α = 0.05 was used as the criterion for significance, because the data did not meet the criteria for normal distribution. Correlation analysis was used for the assessment of relationships between variables, where Spearman's correlation coefficients were applied [28] . The risk assessment code (RAC) considers the ability of metals to be released and subsequently enter the food chain, and is calculated as the mobile proportion of an element extractable with 0.11 mol/L acetic acid to a pseudototal content of the element. When the percentage of the extractable element is less than 1% there is no risk. There is low risk at a range of 1-10%, medium risk at a range of 11-30%, high risk at 31-50%, and very high risk at 51-100% [29] . The bioaccumulation factor (BAF), quantifying the element transfer from soil to plants, was used as the ratio of element content in the above ground biomass of plants to the pseudo-total element content in soil [30] .
Results and Discussion
Risk Element Accumulation and Mobility in Soils
The results of the determination of the main physicochemical parameters of the soils showed a relatively narrow range of soil pH values, where the data varied from slightly acidic to neutral values, (from 6.1 to 7.2) regardless of the location. Conversely, the CEC values varied more substantially, even within one location. The CEC values ranged between 168 and 315 mmol + /kg at Location A, between 131 and 260 mmol + /kg at Location B, between 29 and 296 mmol + /kg at Location C, and between 181 and 258 mmol + /kg at Location D. Due to the inconsistency in the variability of the data in both data sets, no significant correlation was recorded if the pH, and CEC values were related.
The pseudo-total contents of the elements investigated in soils are summarized in Table 1 , and the data documents a high variability in element contents within the individual locations. The public notice characterizing the conditions for the protection of agricultural soil quality in the Czech Republic [31] was chosen for an assessment of the risk element levels in the soils, although the analyzed soils do not belong to the agricultural soils. The vegetation cover at these places can serve as a source of nutrition for wild herbivores, however, which can be endangered in a similar way as the livestock grazing pasture land. The maximum values of Cd, Cr, Cu, Ni, Pb, and Zn exceeded the preventive values of these elements in soil (0.5 mg/kg for Cd, 90 mg/kg for Cr, 60 mg/kg for Cu, 50 mg/kg for Ni, 60 mg/kg for Pb, and 120 mg/kg for Zn). The maximum values for As, Be, Co and V did not reach safe values, i.e., 20 mg/kg for As, 2 mg/kg for Be, 30 mg/kg for Co, and 130 mg/kg for V. The maximum levels for Cd and Pb exceeded the indicative values; these soil element contents are a potential crop contamination risk (i.e., 2 mg/kg for Cd, and 300 mg/kg for Pb). The maximum Zn and Cu levels are a risk to plant growth and soil biological value (i.e., 400 mg/kg for Zn, and 300 mg/kg for Cu), and maximum Pb levels can directly threaten human and animal health (i.e., 400 mg/kg for Pb).
The differences among the element levels in soils at the individual locations were not proven as statistically related to the deposit of bituminous coal close to the sampling area. Bituminous coal was not analyzed in this study to verify this speculation, but elevated contents of Cr in coal has been demonstrated in studies by other authors [33, 34] . The high content of Cu in soil at Location D may be related to high amounts of copper wires and cables deposited in this area. Similarly, high contents of Pb in soil (especially at Locations B and C) are connected with the deposition of wreckage and leadacid batteries. As found by Chaney [35] , galvanized sheet metal could be a source of Zn in soils, as also indicated in this study.
A comparison of soil element contents within scrap metal deposits shows higher soil element levels compared to hazardous waste landfills [36, 37] . Similarly, lower risk element contents than those in this study were found in urban soils loaded by trafficbearing risk elements [38] . Industrial areas (especially those connected with mining and smelting activities) can show even higher levels of risk elements in soil [24] , and therefore scrap metal deposits can be considered serious point sources of soil pollution through risk elements, where particular contamination levels depend on the composition of the scrap deposited. The potential bioaccessibility of the elements should be assessed regarding potential environmental risk.
The RAC values based on the mild extraction of the soils with 0.11 mol/L acetic acid were applied. The acetic acid extractable proportions of elements showed high variability in the data, as did the pseudo-total soil element contents ( Table 2) . Except for As Be, and V, fairly good relationships were recorded between the pseudo-total and 0.11 mol/L acetic acid extractable element contents, where the correlation coefficients varied within the range r = 0.56, and r = 0.99, and were significant at p<0.05. Although the bioaccessibility of risk elements in soil is related to the soil's physicochemical parameters, especially pH [39] [40] [41] , neither pH nor CEC levels correlated significantly with the 0.11 mol/L acetic acid extractable element contents. This finding indicates the potential release of elements from the scrap metal regardless of the particular soil characteristics. Jensen et al. [42] reported elevated contents of Pb, Cu, Zn, Cd, Cr, and Ni in the surface soil surrounding scrap iron and metal recycling facilities, but the migration of elements below the surface was limited. Similarly, Száková et al. [21] reported the limited penetration of risk elements through the thick soil layer cover of a galvanic sludge Tables 3-5 . Due to the high variability of the results, no significant differences were identified among the individual locations. The maximum allowable levels of these elements in the feedstuff of grazing livestock were used to assess the potential risk of the element contents in plant biomass to wild herbivores. Directive No. 2002/32/ES [43] defines the maximum values of elements in raw feedstuff at 2 mg/kg for As, 30 mg/kg for Pb, and 1 mg/kg for Cd. No median value exceeded these limits; but the maximum levels of these three elements exceeded these limits in plant roots (Table 3 ). Soil analyses identified several extreme values for other elements, such as Cu and Zn, in plants, and significant correlations (P<0.05) were found among the element contents in roots and both the pseudo total and acetic acid extractable element proportions in soil for Cd, Cu, Ni, Pb, and Zn, with correlation coefficients varying between r = 0.47 and r = 0.98. The median element contents in the leaves and inflorescens returned lower element contents (Tables 4 and 5 ) than the roots. The maximum Cd levels in leaves exceeded the limits, especially at Locations A and B, but the element contents in the inflorescens did not. Generally, the element contents within the plants decreased in the order roots > leaves > inflorescens for Cd, Ni, V, and Zn, and in the order roots > inflorescens > leaves for Co, Cr, Cu, and Pb. The As and Be element contents in the above ground biomass were under the detection limit of the analytical technique used. Thus, the sensitivity of the analytical technique represents the limitation of the assessment of the element uptake by plants. For more detailed assessment of the bioaccessibility of the scrap metal-derived risk elements in further research, a method characterized by the lower detection limits should be chosen. The element contents in leaves and inflorescens were fairly well related to both pseudototal and acetic acid-extractable element proportions in the soil for Cd, Cr, Cu, Pb, and Zn, (significant correlation coefficients varied from r = 0.68 and r = 0.98, P<0.05). Fröhlichová et al. [24] investigated the relationships between soil and T. sect. Ruderalia plants, where significant correlations between the pseudototal soil element contents and the contents of these elements in plants were identified for Cd, Ni, Pb, and Zn, regardless of the plant tissues, and for Cr only in the case of leaves. Their results are thus in accordance with this study in many aspects, including the weak relationship between soil Cr and its content in roots, and the significant relationship between these element contents in soil and leaves. Diluted acetic acid is an extractant, releasing element fractions specifically sorbed in soil clay minerals. This extractant is therefore recommended as a suitable test to predict the changes in element mobility in contaminated soils [44] . This study demonstrated that 0.11 mol/L extractable acetic acid is also a suitable extraction agent for the prediction of the soil-plant behavior of some risk elements (especially Cd, Pb, and Zn) in the contaminated soil.
The bioaccumulation factors (BAFs) and shoot/ root ratios were calculated as parameters supporting the assessment of the ability of plants to take up and translocate risk elements (Tables 6 and 7 ). As noted in other studies [24] , the highest rate of soil-plant transfer was observed for Cd (Table 6) , confirming the high plant-availability of soil Cd already described by many authors, such as Sauerbeck [45] , and Kabata-Pendias and Pendias [46] . High BAFs were observed for the essential element Cu, as expected, whereas the BAF values for other essential elements such as Co, Ni, and Zn were low, indicating that the plant uptake of these elements did not reflect the elevated contents of these elements in soil. This statement is supported by the negative correlation of BAF values with the Co, Ni, and Zn contents in soil (the significant correlation coefficients varied between r = -0.46, and r = -0.67, P<0.05). Low BAFs were also determined for Cr. Čurlík et al. [47] , who reported the low uptake of Co and Cr by T. officinale through both roots and shoots, as did Fröhlichová et al. [24] . Low BAFs for As, Cr, and Zn, indicating the limited transport of these elements from soil contaminated by the multi-industry activities to root vegetables, were documented by Ahmed et al. [48] . Conversely, high BAF levels were reported in root vegetables for Cd and Cu. In our study, Pb and V showed the potential to be accumulated by the plants, especially through the roots. Their translocation ability to the above ground biomass was limited, however. According to the shoot/root ratios (Table 7) , the elements should be categorized into three groups: Cd and Ni showed high translocation ability to the above ground biomass; Cu and Zn were equally distributed between roots and shoots, with predominant accumulation in the roots; and Co, Cr, Pb, and V showed low root-to-shoot translocation ability.
The results thus confirmed the high mobility and plant-availability of Cd, and also demonstrated the important role of T. sect. Ruderalia as a suitable bioindicator of Cd soil contamination levels. The plants showed a limited uptake ability in highly contaminated soils for essential elements such as Cu and Zn, where the plant element contents did not reflect the substantially elevated contents of these elements in soils. According to Alloway [49] , contents of Zn higher than 400 mg kg -1 of dry matter are toxic to plants. As apparent from Tables 3-5, this value of plant Zn content was exceeded only occasionally in roots, whereas the Zn contents in above ground biomass remained far below the potential phytotoxicity levels. The results thus indicate a plant's ability to regulate the uptake of essential elements according to their requirements. The results for the remaining elements showed either limited translocation from roots to shoots (Pb, V), or even limited uptake of the elements by roots (As, Be, Co, Cr, Ni). Krolak et al. [25] found an increasing content of risk elements in the leaves and roots of Taraxacum spp., with increasing soil element contents, without any significant effect of the soil properties on BAFs for roots. This study found no significant relationship between soil pH and/or CEC values and element uptake by plants.
Conclusions
In summary, the data showed elevated contents of both pseudo total and mobile (i.e., diluted acetic acidextractable) contents of elements, especially Cd, Cr, Cu, Ni, Pb, and Zn, where the element contents were not related to the soil physicochemical parameters, but most probably to the amount, composition, and storage conditions of the deposited scrap. Although not proven by the statistical evaluation, the results also indicated the role of ageing in potential soil contamination level. For instance, lower soil contents were found for most of the elements at Locations C and D (established in 2011), compared to Locations A and B, established in 1994, and 2000, respectively. The deposit at Location C was made on an uncontaminated meadow, whereas the deposit at Location B was made on a brown field with the residues of the storage from agricultural machines and chemicals. We can conclude that: i) metallic scrap deposits can be responsible for the elevated levels of risk elements in soils in the close vicinity; the contamination level is heterogeneous, depending on the character of the deposit and/or the amount and composition of the scrap material; ii) although the RAC levels indicated the high potential bioaccessibility of most of the investigated elements, a potentially hazardous element uptake by the T. sect. Ruderalia plants was observed only in the case of Cd, including facile translocation of this element to the above ground biomass. Cadmium is therefore, a real potential risk to wild herbivores living in the investigated area, and consuming the contaminated vegetation. The regular monitoring of the risk element content in soil and vegetation in the vicinity of the metallic scrap deposits could be recommended in further research in order to avoid the potential increase of the soil contamination levels. 
